Pathologic response of tissue to asbestos in vivo gives rise to fibromatoma, granuloma and mesothelioma. We are attempting to develop a model system in vitro using human cells in order to investigate the possible mechanisms responsible for these pathologies.
Introduction
Asbestos has been known for its flame retardant and insulating properties since ancient times. The lamps of the Vestal Virgins contained asbestos wicks. Legend states that Charlemagne would throw the tablecloth into the fireplace for cleaning to the amazement of his guests. As we headed into the industrial revolution our usage of asbestos became more sophisticated. In the mid-1800s, physicians noted an increased incidence of pulmonary distress in individuals working with asbestos. It has been determined that an excess of 1 x 104 individuals will die each year until the turn of the century due to past exposure (1940 to 1980) (1) . The period from initial exposure to the onset of asbestosis is frequently in excess of 20 years.
Research has mainly been concerned with acute effects of asbestos exposure (2) (3) (4) (5) (Fig. 2a) . There was an increased number of cells exhibiting clearing of the nuclei and an increased granulation of the cytoplasm. At 72 hr after inoculation with asbestos, the cells were serially passaged (1:2). Two days later, binucleated cells began to appear in the chrysotile inoculated cultures (Fig. 2b) . Also evident were condensation of the nucleoli, vacuolation of the cytoplasm and "stress striations" in the cytoplasm. Chrysotile was still evident in the cultures. The cell density at confluence of CI P,7 was as follows: control 1.41 x 105 cells/cm2; amosite-treated 1 (Fig. 2c) , and there was an increased granularity of the cytoplasm and no binucleated cells were evident.
Approximately 2 months after inoculation, the control (Pa,) cells exhibited no change in growth morphology and minimal granulation of the cytoplasm (Fig. 3a) . P. of the amosite-inoculated fibroblasts showed increased granularity of the cytoplasm but no change in the growth morphology or clumping of the nucleoli (Fig. 3b) . Cells exposed to chrysotile (Fig. 3c ) lacked typical fibroblast morphology and had vacuolation and granulation of the cytoplasm. Chrysotile can also be seen within the cell. Transmission electron microscopy demonstrated no detectable differences between the control and amosite-treated fibroblasts (Fig. 4a) ; there was a marked difference between these cells and those treated with chrysotile. In the chrysotile-treated cells, chrysotile was found in the cytoplasm. No chrysotile was seen within the nucleus (Fig. 4b) . The cell margin of the control cells showed distinct microvilli as compared to chrysotile-treated cells. Other perturbations seen in the chrysotile-treated fibroblasts (Fig. 4b) include stacking of the endoplasmic reticulum, immature nucleus which shows clearing of the chromatin and an increased amount of lysosomes.
Discussion
Chronic effects of asbestos can be induced by a one-time exposure. Chrysotile is not easily removed from in vitro by normal cell handling techniques (i.e., feeding and passaging). Chrysotile may become adsorbed to the cell membrane (6) or ingested into the cell.
Ultrastructural work by Richards and others (3, 7), including our own observations, has shown that chrysotile does not penetrate the nuclear membrane (Fig. 4b) . Richards (7) stated (and we have confirmed) that chrysotile is usually found free (not mefnbrane-bound) within the cytoplasm. At high resolution, however, there does seem to be a coating on the chrysotile; this is also consistent with Richards' observations. Work previously reported from our laboratory possibly suggests that the coating on the chrysotile could be a protein or proteinbased molecule (8) .
Multinucleated cells have been seen one passage post treatment (P17) but, by Pa, the multinucleated cells were not evident. We agree with Richards (3) that this could suggest an abnormality in cell division.
If the primary destructive mode of chrysotile is physical penetration, then the nucleus is not the primary site of attack. The primary site of attack seems to be the cytoplasm, where we saw the first chronic effects. At P18 the cells still showed normal chromatin distribution and microvilli, even though many were bi-or multinucleated. By P. the cellular membrane and the nucleus were affected. It seems possible that the chrysotile could interfere with one or more of the many steps leading to translation.
Future investigations will include measurement of translational perturbations and utilization of freeze fracture/electron microscopy.
